ABSTRACT: To examine the pathogenic capacity of Goussia carpell;, a gut-dwelling coccidian parasite of common carp Cyprinus carpio, hematological parameters were recorded from carp following a laboratory-induced infection with this parasite. With the development of the parasite, serum sodium and protein levels decreased, thus indicating an ion loss and the hydration of blood plasma in infected fish. On Days 8 and 11 post exposure (PE) to the parasite, Aeromonas spp.-like bacteria were detected in the liver and the spleen of 8 infected carp out of the 10 carp sampled, while uninfected control carp remained bacteria-free. On these dates, infected carp were listless, and their intestines appeared dilated and were filled with a whitish-yellow gelatinous content. In intestinal scrapings, gamogonic and sporogonic developmental stages of the coccidia were found. Differential white blood cell counts of peripheral blood leukocytes showed an increase in granulocyte numbers on Days 11 and 14 PE. On Days 21 and 28 PE, when the carp had already excreted most of the oocysts, a clear leucocytosis was found. Owing to the osmotic challenge of infected carp, which is caused by ion loss and plasma hydration, and to the invasion of opportunistic bacteria, the infection of carp with G, carpelli should be taken as a serious pathogen affecting stressed or juvenile fish.
INTRODUCTION
Feral and cultured fish are infected with a wide variety of gut-dwelling parasites which may be responsible for serious disease. Goussia carpelli, a coccidian parasite of common carp Cypnnus carpio L, causes an enteritic coccidiosis (Schaperclaus 1943 , Doflein & Reichenow 1953 , Ivassik & Kulakovskaja 1959 and high mortalities in stocks of carp and goldfish fry (Doflein & Reichenow 1953 , Kent & Hedrick 1985 . The transmission of the parasite to uninfected carp involves fecal contamination and indirect transmission via tubificid oligochaetes (Steinhagen & Korting 1990) . In nature the main source of infection is pond sediment which contains high numbers of infective stages, probably sporulated oocysts (Kocylowski et al. 1976 , Steinhagen et al. 1996 , and carp fry acquire the parasite when the fish start feeding. In Northern German carp hatcheries, intestines of carp fry harbor merogonic, gamogonic, and sporogonic developmental stages of G. carpelli, 3 to 4 wk post-hatch. In nature, pathological changes of intestinal tissues were observed in carp fry during this time, but not in older populations (Steinhagen et al. 1996) . Whether or not the coccidian has to be regarded as a major pathogen for cultivated carp remained unclear.
In laboratory studies, Goussia carpelli caused severe epithelium losses and a leukocytic infiltration of subepithelia1 tissues (Jendrysek et al. 1994) . These observations led to the conclusion that G. carpelli is a coccidian species which is highly pathogenic. To further examine this pathogenic capacity, we recorded hematological parameters from carp with a laboratoryinduced G. carpelLi infection.
MATERIALS AND METHODS
Carp. For infection experiments, carp of a single crossing (E20 X R8, Wageningen Agricultural Univer-sity, The Netherlands) were used. The carp were bred stained with Ponceau S (Sigma Chemicals, St. Louis, and raised in the laboratory, kept coccidia-free In glass MO, USA) and analyzed with a densitometer (Bender tanks filled with tap water and were fed with commer-& Hobein, Miinchen, Germany). cial fish feed (Trouvit, The Netherlands).
Statistical methods. The data were analyzed by l-way Infection experiments. Carp 7 and 12 mo old and analysis of vanance. Differences were considered to be with a body weight of 30 (+5) and 50 (k5) g, resignificant at p < 0.05. spectively, were infected with Goussia carpelli as described previously (Steinhagen & Korting 1988) . The fish were placed in a tank contaminated with RESULTS oocysts, kept there for 24 to 48 h and then transferred to 80 1 glass tanks at a temperature of 20 to Development of the coccidia 24°C. For controls, uninfected carp were kept in separate tanks under identical conditions. Swimming
Intestinal scrapings of infected carp harbored meroactivity and food uptake of infected and control carp gonic developmental stages on Days 5 and 7, gamogowas observed and scored on an arbitrary scale durnic and sporogonic stages on Day 8, and oocysts on ing the development of the parasite. In 2 experiDays 11, 14, and 17 PE. Few or no coccidia were found ments, blood and tissues were sampled on in the behavior of infected carp compared to uninglass tubes and allowed to clot for 15 min at room fected control fish. temperature (20 to 24OC). After centrifugation (300 xg, On Days 8 and 11 PE, infected carp had an enlarged 10 min), the serum was removed from the blood clot spleen and Aeromonas spp, infections could be deand stored frozen at -25OC. Additionally, blood was coltected in the spleen and liver of 8 infected carp out of lected in 2 heparinized micro-hematocrit tubes (Brand, the 10 carp sampled. No bacteria were found in tissues Germany). To detect an infection of internal organs of parasitized carp on Day 5 PE, on Days 14 to 49 PE, or with bacteria, the carp were killed and material from in samples from uninfected control carp throughout dissected liver and spleen was inoculated into blood the experiment. agar plates. The plates were incubated at room temperature for 48 h and then monitored for growth of bacteria colonies. To confirm that the carp were Hematology infected with the parasite, and to observe the parasite's development, fresh and Giema-stained gut smears
With the development of the parasite Goussia were examined.
carpel11 in the intestine of infected carp, a n increase Hematological methods. Determination of packed in the number of WBC could be observed in the cell volume (PCV), red blood cell counts (RBC), total, peripheral blood of parasitized carp. In the periphand d~fferential white blood cell (WBC) counts were eral blood of control carp about 28 X 103 WBC mm-3 performed using standard methods (Houston 1990) .
were counted; parasitized carp showed a clear leucoThe osmolarity of serum samples was measured using cytosis on Days 21 and 28 PE with more than 40 X a cryo-osmometer (Vogel, Giefien, Germany). Potas-103 WBC mm-3 blood ( p < 0.05), and elevated numsium and sodium levels were determined with a flame bers of leukocytes on Day 35 PE ( Fig. 1 ). By these photometer (Ciba Corning Diagnostics, Germany). Total dates, the fish had already excreted the majority of serum protein and serum albumin levels were anaoocysts and only single parasites were found in gut lyzed by the biuret reaction method (Weichselbaum smears. In differential WBC counts, the proportion of 1946) and measured with a photometer (Hitachi, granulocytes was elevated during the period of Japan). These measurements were used to calculate gamogony and oocyst formation of the parasite on the serum globulin levels and the albumin/globulin Days 11 and 14 PE, but no differences could be ration of the serum samples. Serum proteins were sepobserved on Days 17 and 20 PE (Table 1) or on arated electrophoretically on cellulose acetate plates, Days 21 to 49 PE (data not shown). The PCV, the number of RBC and the relative number of reticulocytes did not change in the blood of parasitized carp throughout the experiment (Table 2) .
Serum electrolytes
During the development of Goussia carpelli, clear changes of serum electrolytes occurred in infected carp. In uninfected carp, the serum sodium level was 146.5 t 3.6 mm01 I-'. During merogony and oocyst formation of the parasite on Days 8, 11, and 14 PE, the concentration of sodium dropped up to 134.13 mm01 1-l (Day 11) and 129.38 mm01 1-' (Day 14). On Days 17 and 20 PE, by which time most oocysts had already been excreted, the sodium concentration returned to the level of the control fish (Fig. 2) . Serum levels of potassium increased from 0.72 mm01 1-' in uninfected con-60 trols to more than 2.0 mm01 1-' during oocyst formation Days post exposure on Days 11, 14, l?, and 20 PE, but dropped to the level of control fish in long-term observations (Fig. 3) . lower than in control carp (Fig. 4) . Days post exposure The densitometric analysis of the bands did not reveal any differences in protein fractions between infected and uninfected carp (data not shown).
DISCUSSION
In mammalian and avian hosts, the major pathogenic effects of enteritic coccidiosis are blood loss, dehydration due to diarrhea, and invasion by opportunistic microbial pathogens (Gregory 1990 ). For freshwater fishes, which live in a n hypotonic aquatic environment, liquid loss is not as serious as it is for terrestrial animals. Instead, such fishes are threatened by an influx of water, which enters across all permeable surfaces like gill lamellae and oral mucosa, or by ion losses across these membranes (Wendelaar Bonga 1993) . Any damage to the environmental barriers of freshwater fish tends to increase the water influx and results in a dilution of body fluids (Stoskopf 1993). During feeding, some water is inevitably swallowed and enters the intestinal tract. The loss of surface cells of the intestinal epithelium which occurs during the merogonic and gamogonic development of Goussia carpelli (Jendrysek et al. 1994 ) means that more of this ingested water will be absorbed. This could therefore be regarded as damage to the environmental barrier. Ion losses were observed, for example, as a stress-related depression in Na' and Cl-levels in lake trout Salvelinus namaycush subjected to prolonged crowding stress (McDonald & Millican 1992) . Stress-related changes of serum sodium levels in fish are thought to be induced by elevated catecholamine release which causes dilation of gill vessels and increased blood flow through gill lamellae. In freshwater fish, an increased blood flow through gill vessels enhances the ion exchanges over gill lamellae and thus results in a net NaCl loss (Wendelaar Bonga 1993). In our experiments, a slight reduction of serum osmolarity and a clear depression of serum Na+ level were observed in infected carp with the development of the coccidia. This was most prorninent during gamogony and oocyst formation, and the fish recovered from the depression of electrolyte levels after most parasites had been excreted. The question of whether the dilution of the body fluids was caused by an increased influx of water across the damaged gut lining or by elevated ion loss over permeable surfaces remains to be investigated.
Sodium is the major cation in the blood of fishes and together with chloride contributes most to the serum osmolarity (McDonald & Millican 1992) . McDonald & Millican (1992) have argued that electrolyte measurements are more reliable than measurement of serum osmolarity and that osmotic effects can be monitored by Na' and Cl-measurements. In the present study, a hemodilution in G. carpelli-infected carp was observed more clearly by means of Na+ concentrations than by means of serum osmolarity measurements.
Serum potassium levels in carp with Goussia carpelli coccidiosis increased during gamogony, oocyst formation, and oocyst shedding. In fish, plasma K' levels are relatively unaffected by increased branchial electrolyte permeability. Less than 2 % of the total body K+ are contained in extracellular fluids (Eddy 1985) . Consequently, any branchial influx or efflux can be buffered by transfers from or to intracellular compartments (McDonald & Millican 1992) . In fish, elevated plasma K+ levels have been observed after extensive exercise (Graham et al. 1982) or after substantial cell death. In the present study, elevated serum K' levels were measured in carp when oocysts were released from the tissue into the gut lumen and considerable numbers of intestinal cells were disrupted or necrotized. In cattle with acute coccidiosis increased serum K+ levels also were related to extensive disruption of intestinal epithelium cells (Fitzgerald 1967) .
During the development of Goussia calpelli, the level of serum proteins decreased significantly in the blood of infected carp. This decrease was seen in the level of total serum proteins, in albumins, and in globulin fractions as well. It peaked during oocyst formation of the parasite. In fish, alterations of serum protein levels are mainly caused by changes in blood volume, and a decrease in serum protein is considered to indicate plasma hydration (McDonald & Millican 1992) . Reductions in serum protein level were found with, for example, severe stress, prolonged starvation (McDonald & Millican 1992) , and with alterations in permeability of environmental barriers (Olson 1992) . In avian coccidiosis, a decrease of serum proteins was considered to reflect a protein loss due to blood loss into the gut lumen, extensive tissue destruction, and malabsorption (Ruff 1986 ). In carp with G. carpelli coccidiosis, the reduction of serum protein levels might reflect a combined effect of protein losses caused by tissue destruction, which occurs during gamogony and oocyst formation (Kent & Hedrick 1985 , Jendrysek et al. 1994 , malabsorption, and starvation, which was observed in the present study during parasite development.
In mammalian and avian coccidiosis, blood loss into the gut lumen provokes a decrease in packed blood cell volume which often is accompanied with a fall in plasma electrolytes and proteins (Ruff & Allen 1990) . In rabbits infected with Eimeria intestinalis, hemodilution and a decrease in plasma sodium, potassium and chloride was recorded a t the peak of infection (Peeters et al. 1984) . In the present study, substantial blood loss could not be discerned in carp infected with Goussia carpelli. The number of red blood cells and the packed cell volume did not change during the development of the parasite even though Jendrysek et al. (1994) observed a destruction of intestinal epithelium and rupture of blood vessels in such carp at the peak of infection. With respect to our findings, the blood loss seen in histological preparations appeared not to be substantial or could be regenerated quickly.
During gamogony and oocyst formation of Goussia carpelli, Lom & Dykova (1992) and Jendrysek et al. (1994) observed a leukocytic infiltration into affected gut tissue. Infiltrating cells, mainly granulocytes and phagocytes indicated the induction of inflammatory processes in association with tissue damage and invading bacteria. An induction of inflammatory processes during acute intestinal coccidiosis of carp also could be discerned from differential WBC counts. In the present study, a granulocytosis was observed in the blood of infected carp at the peak of infection on Days 11 and 14 PE. In mammalian and avian coccidiosis, inflammation in the intestine is a common phenomenon and is accompanied by structural and physiological changes which are inimical to parasite development (Wakelin & Rose 1990 ). Compared with birds or mammals, carp showed a mild reaction to the severe tissue damage caused by the coccidia (Jendrysek et al. 1994) . In the present study, clinical symptoms and changes in WBC populations in the peripheral blood were limited to a few days at the peak of the infection and again indicated a mild reaction of carp on intestinal coccidiosis. This could be explained by a low tendency of fishes to develop acute inflammatory reactions. Ferguson (1989) argued that this might be explained by retarded biochemical reactions due to the poikilothermic physiology of fishes.
In cell suspensions prepared from the pronephros and the intestine of Goussia carpelli-infected carp, the number of surface immunoglobulin positive lymphocytes increased with the development of the parasite and remained elevated (Steinhagen & Rombout 1994) . This was assumed to reflect the induction of local and systemic immune responses in parasitized carp. In the present study, a leucocytosis was observed in G. carpelli-infected carp on Days 21 and 28 PE and gave further indication for the induction of immune processes in parasitized carp.
In conclusion, the present study has shown that the ion and protein balance of carp is influenced by an infection with the enteritic Gocissia carpelli. Ion loss and hydration of blood plasma, which is indicated by a decrease of serum Na' and protein level, have to be regarded as serious osmotic challenges to affected carp. Furthermore, the loss of surface cells of the intestinal epithelium allowed the invasion of opportunistic bacteria, which causes a further challenge to parasitized carp. With respect to these observations, the infection of carp with G. carpelli should be taken as a serious pathogen for stressed or juvenile fish
